Bismuth trichloride as mild reagent, has been found to be a worthful catalyst for tetrahydropyranylation of 1°,2 °,3°, allylic, benzylic alcohols, and symmetric di-ols. At room temperature the reagent THP(3,4-dihydro-2H-pyran) was successfully employed as pyranylating agent in presence of BiCl 3 catalyst without the use of a solvent and the yields of the products were found to be 90-96%. Further, the depyranylation of alcohols was achieved in quantitative yield by simple addition of MeOH using the same catalyst. The developed method was showed good chemo-selectivity in symmetrical diols for mono THP protection.
INTRODUCTION
While doing multi stage organic synthesis, the protection and deprotection of alcohols by various reagents is a most common event. The most common protected forms of alcohols are ethers and esters, where as in case of alkyl and benzyl ethers the protection is permanent (difficult to remove); and remaining such as TBS, TPS,THP, are acid labile (easier to remove). Among the reagents the protection of alcohols and phenols by THP reagent is one of the important and frequently used approach 1 as the preparation of the reagent is easy and stable in various reaction conditions such as with alkylating reagents,hydrides, Grignard reagents and organo metallic agents 2 .
A large number of reagents such as BF 3 .Et 2 O, 3 PPTS, 4 Amberlyst, 5 In(OTf) 3 , 20 and NbCl 5 21 are useful for the tetrahydropyranylation of alcohols. Recently an organic reagent 3,5-dinitrobenzoic acid, was also employed for tetrahydropyranylation and depyranylation for alcohols and phenols 22 . However, many of the above reported procedures suffers from use of toxic and expensive reagents, need of large amount of catalyst, presence of acid-sensitive functional groups, low chemo-selectivity, and unsatisfactory yields. Moreover, the reaction conditions such as higher temperatures, longer reaction times, strong oxidizing and acidic conditions, also futile the methods. Hence there is a strong requirement for novel catalytic approach to the protection and deprotection of hydroxyl functional groups in the absence of solvent. Bismuth trichloride (BiCl 3 ) has emerged as a catalyst in organic synthesis 23 and attracted attention of many researchers because of its diverse applicability. Moreover, bismuth(III) salts are stable in air, relatively inexpensive and nontoxic compared to transition metal complexes. So, in the present study BiCl 3 is employed as a catalyst for pyranylation and depyranylation of alcohols and symmetric diols (Scheme 1).
MATERIALS and METHODS
All the chemicals were obtained from Merck Specialties Private Limited, Mumbai, India. Reactions were monitored by TLC using silica gel-G (Merck grade) as the adsorbent. Silica gel (100-200 mesh, Merck grade) has been used for column chromatography.
The
1 H NMR spectra of the compounds dissolved in duterated chlorofor m (CDCl 3 ) were recorded on Bruker AMX 300 MHz NMR spectrophotometer using TMS as an internal standard and the values are expressed in d ppm. The Mass spectra of the compounds were recorded on API-ES Mass Spectrometer using positive mode ionization method.
general procedure for tetrahydropyranylation
To a mixture of 1°, 2°, 3°, benzylic, allylic alcohol or symmetric diol (1 mmol) and THP (1 mmol), bismuth trichloride (5 mol %) was added. Then the reaction mixture was stirred for appropriate time as given in Table 1 at room temperature. The reaction as monitored by TLC. After completion of the reaction it was poured into water and the product was extracted with ethyl acetate (3x25 mL). Later the organic layer was washed with brine, dried with anhydrous sodium sulphate and concentrated in vacuum to obtain the crude mass. Which was further purified by silica gel column chromatography(1:9 EtOAc, hexane)to afford the corresponding THP ether. Finally the products were characterized using 1 H NMR and Mass spectra.
general procedure for depyranylation
To the above THP ether solution(1 mmol) in methanol (10 mL),5 mol % bismuth trichloride was added. The reaction mixture was stirred for appropriate time as provided in Table 1 at room temperature. The reaction was monitored by TLC. After completion of the reaction water was added to the reaction mixture and the product was extracted with ethyl acetate (3x25 mL). Later the combined organic layer was washed with brine, dried over anhydrous sodium sulphate and concentrated in vacuum to give a crude mass, which was purified over silica gel column to afford parent alcohol in quantitative yield. 
Analytical

Compound 11
1 H NMR, d = 1.5 (s, 9H), d = 1.7 (m, 2H), d = 3.3(m, 2H), d = 3.8 (m, 2H), d = 4.5 (m, 2H), d
RESULTS and DISCUSSIONS
The present investigation describes a mild and efficient method for the tetrahydropyranylation of 1°, 2 °, 3°, benzylic,allylic alcohol and symmetric diols with THP in the presence of bismuth trichloride (5 mol %) as catalyst without the use of a solvent at room temperature. In intial trails THP(3,4-dihydro-2H-pyran)was reacted with cinnamyl alcohol (scheme 1) as parent alcohol using 5 mol% of bismuth trichloride at room temperature to produce its corresponding THP ether of cinnamyl alcohol. A very good yield (96%) of the product was found and the same trend was continued in the remaining tested alcohols ( Table 1 ).
The depyranylation of the above obtained THP ether was easily obtained by maintaining the same quantities of the reagent in methanol at room temperature. All the deprotections were found to be completed with in 5 min. The results of all the compounds were also illustrated in Table 1 .The yields of depyranylation products are also good(92-98%). We claim that the developed protocol is quite general as it is applicable to a large number of structurally different alcohols viz. primary, secondary, tertiary, allylic and benzylic alcohols. The method was also found to be highly selective for mono tetrahydropyranylation of symmetrical diols. The compound 11 (Table 1 ) an acid sensitive alcohol was underwent THP protection as tetrahydropyranyl ether with 95% yield and no dehydration product was observed. so from these results ( Table 1) it is evident that bismuth trichloride is an excellent catalyst for tetrahydropyranylation and depyranylation of alcohols under solvent-free conditions.
CONCLUSIONS
The present protocol developed in this work demonstrates that bismuth trichloride is an efficient catalyst for the tetrahydropyranylation and depyranylation of alcohols. The major advantages of this protocol is use of mild catalyst, clean and environmentally benign reaction conditions. The less reaction times and good yields of the products are additional advantages. Simple experimental workup procedure and mono tetrahydropyranylation selectively of symmetric diols offer significant improvements, low cost of the reagent.
